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GAIN CONTROL AMPLIFICATION CIRCUIT AND 
TERMINAL EQUIPMENT HAVING THE SAME 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION: 

The present invention relates to a gain control 
amplification circuit and, more particularly, to a 
wide-range gain control amplification circuit which has a 
plurality of stages of gain control amplifiers and can 
control the transmission output to a predetermined output 
value, and a terminal equipment having the circuit. 
DESCRIPTION OF THE PRIOR ART: 

Recent radio communication requires high-speed 
communication and effective use of frequency resources. 
For these purposes, use of CDMA (Code Division Multiple 
Access) has been examined. In the CDMA, data are 
multiplexed and transmitted to effectively use the 
available frequency range. 

The CDMA also requires control of the transmission 
power in a wide range to expand the communication area. 

Fig. 1 shows a conventional gain amplification 
circuit. In the conventional gain amplification circuit, 
two gain amplifiers are arranged at the former and latter 
stages before an antenna 50 to widen the transmission 
range. More specifically, a gain control amplifier 



- 2 - 

(IF-GCA) 20 capable of gain control is provided at the 
former stage, and a gain amplifier 25 having a fixed gain 
is arranged at the latter stage. The gain of the gain 
control amplifier 20 at the former stage is controlled by 
a control means and further amplified by the ga,in 
amplifier 25 at the latter stage, thereby obtaining a 
desired transmission power. 

That is, a voice (analog) signal input from a 
microphone 6 is converted into a digital signal by a codec 
8, encoded by a DSP 10 on the basis of an algorithm such 
as GSM -AMR as a codec scheme, and the transmission frame 
format, and input to an HPSK circuit 14. The transmission 
data HPSK-modulated by the HPSK circuit 14 is converted 
from the digital signal to an analog baseband signal by a 
D/A converter 16. 

The converted analog baseband signal is modulated 
into the IF band by an MOD 18 on the basis of an Lo2 from 
a PLL 42. The IF-modulated signal is amplified to a 
predetermined level by the IF-GCA 20 controlled by a 
linear interpolation circuit 34 at the former stage. The 
IF-modulated signal amplified here is converted into a 
transmission frequency (RF-modulated signal) by an up 
converter 22 on the basis of an Lol from the PLL 42. The 
RF-modulated signal is amplified by the fixed gain of the 
gain amplifier 25 and power amplifier 26, supplied to the 
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antenna 50, and transmitted into air. 

In a telephone of CDMA scheme, since the reception 
intensity at the base state is constant, the transmission 
output from the terminal equipment is increased/decreased. 
When the communication area expands, the amplification 
width of the transmission output value required by the 
terminal equipment must be made large. However, the 
amplification width of the gain control amplifier is 
limited. A gain control amplifier of a single stage has a 
narrow range and therefore cannot cope with control based 
on the amplification request from a base station in a wide 
area. 

That is when the gain of the gain amplifier 25 
installed at the latter stage is increased, the gain 
amplifier cannot cope with a small transmission output 
when, e.g., the device is near the base station. 
Conversely, when the gain of the gain amplifier 25 is made 
small, the gain control amplifier cannot amplify the power 
to a necessary transmission output when, e.g., the device 
is far from the base station. 

In addition, a gain range that provides the best 
characteristics in the characteristics of each GCA cannot 
be designated. 

Furthermore, when the transmission output is 
gradually decreased, to improve the SNR, it is 



advantageous to decrease the gain of the GCA at the latter 
stage and then decrease the gain of the GCA at the former 
stage. However, the gain control amplifiers cannot be 
individually controlled. 

SUMMARY OF THE INVENTION 

The present invention has been to solve the above 
problems in the prior art, and has as its object to 
provide a wide -range gain control amplification circuit 
which has a plurality of stages of gain control amplifiers 
and can control the transmission output to a predetermined 
output value, and a terminal equipment having the circuit. 

A gain control amplification circuit according to the 
present invention is a transmission circuit which 
incorporates no feedback circuit and ensures a desired 
gain control range using a gain control amplification 
section having two stages particularly in a CDMA (Code 
Division Multiple Access) cellular phone or the like, in 
which a plurality of gain control amplifiers (to be 
referred to as GCAs (Gain Control Amplifiers) hereinafter) 
for amplifying the transmission output value are 
independently controlled. 

More specifically, the present invention has the 
following aspects. 

(1) The gain control amplification circuit is 
arranged in a transmission circuit and has a gain control 
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amplification section having two stages in which the gains 
of a plurality of gain control amplifiers are respectively 
controlled. 

(2) The gains of the plurality of gain control 
amplifiers are individually controlled . Hence , the gain 
control amplifiers of two stages can be individually set 
to desired gains, and a gain control amplification circuit 
having a wide range and linear characteristic can be 
implemented. 

(3) A gain control amplification circuit for a 
terminal equipment in a radio communication system which 
executes communication between a base station and the 
terminal equipment has a gain control amplification 
section having two stages, in which the gain control 
amplification section is controlled to set the 
transmission output value to a predetermined value on the 
basis of the reception level of a reception signal 
transmitted from the base station and received by the 
terminal equipment or on the basis an instruction from the 
base station. 

(4) A gain control amplification circuit for a 
terminal equipment in a radio communication system which 
executes communication between a base station and the 
terminal equipment has a gain control amplification 
section having two stages of gain control amplifiers 



individually connected to control means, in which the gain 
control amplifiers are individually controlled to set the 
transmission output value to a predetermined value on the 
basis of the reception level of a reception signal 
transmitted from the base station and received by the 
terminal equipment or on the basis an instruction from the 
base station . 

(5) Of the gain control amplifiers, the range of the 
gain control amplifier at the latter stage is set wider 
than that of the gain control amplifier at the former 
stage . 

(6) When the transmission output is to be reduced, 
the gain of the gain control amplifier at the latter stage 
is reduced first. This satisfactorily copes with noise in 
reducing the transmission output. 

(7) The control means is a linear interpolation 
circuit . 

(8) In the linear interpolation circuit, a 
predetermined portion of the linear characteristic is used 
by each gain control amplifier, so an excellent linear 
characteristic can be obtained. 

(9) The predetermined portion of the linear 
characteristic is set on the basis of the SNR of the 
transmission output. This can suppress noise. 

(10) The control means is a storage means which 



stores a conversion value between the level of the 
reception signal and a gain corresponding to the level. 

(11) The gain control amplifiers of two stages are 
arranged on the input and output sides of an up converter 
in the transmission circuit. 

(12) The gain control amplification circuit uses gain 
control amplifiers of two or more stages. 

When gain control amplifiers of multiple stages are 
used, a wider range can be obtained, and a satisfactory 
linearity can be obtained. 

(13) The radio communication system uses the CDMA 
(Code Division Multiple Access) communication scheme. 

(14) The terminal equipment for the radio 
communication system incorporates the gain control 
amplification circuit. 

As is apparent from the above aspects, according to 
the present invention, a gain control amplification 
circuit having a wide gain range can be implemented using 
a gain control amplification section with two stages. In 
addition, when the control range is separated, and the 
respective gain control amplifiers are independently 
controlled, the SNR of the transmission output can be 
improved . 

This is because the gain control amplifiers have 
separate control means such as linear interpolation 



circuits and can be independently controlled for a desired 
transmission output value, i.e., the gain control 
amplifier at the latter stage can be controlled by a 
circuit for a larger transmission output while the gain 
control amplifier at the former stage can be controlled by 
a circuit for a smaller transmission output . 

Furthermore, in the transmission circuit which 
ensures a transmission output control range using the gain 
control amplifiers of two stages, the linear interpolation 
circuit can also easily be implemented. 

This is because the gain control amplifiers have 
separate linear interpolation circuits, and when only an 
arbitrary gain range of a linear region is to be used, 
only linear interpolation table values at only two points 
need be stored to interpolate the section between the two 
points, so the circuit is simplified. 

The above and many other objects, features and 
advantages of the present invention will become manifest 
to those skilled in the art upon making reference to the 
following detailed description and accompanying drawings 
in which preferred embodiments incorporating the principle 
of the invention are shown by way of illustrative examples. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram schematically showing the 
arrangement of a prior art embodiment; 



Fig* 2 is a block diagram schematically showing the 
arrangement of a gain control amplification circuit 
according to an embodiment of the present invention; 

Fig. 3 is a block diagram schematically showing the 
arrangement of a gain control amplification circuit 
according to another embodiment of the present invention; 

Fig. 4 is a graph showing the linear characteristic 
of an RF-GCA; 

Fig. 5 is a graph showing the linear characteristic 
of an IF-GCA; 

Fig. 6 is a graph showing the amplification 
characteristic of an IF linear interpolation circuit; 

Fig. 7 is a graph showing the gain vs. Vc 
characteristic of a GCA; and 

Fig. 8 is a block diagram schematically showing the 
arrangement of a gain control amplification circuit 
according to still another embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will 
be described below with reference to the accompanying 
drawings . 

The schematic arrangement of a gain control 
amplification circuit according to the first embodiment of 
the present invention will be described with reference to 
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Fig. 2. 

The circuit shown in Fig. 2 is the circuit of a CDMA 
radio device (terminal equipment) using a 
transmission/reception heterodyne scheme. The overall 
circuit arrangement of the terminal equipment will be 
described first. 

An antenna 50 is connected to an LNA (Low Noise 
Amplifier) 52 to amplify an input reception signal. The 
output terminal of the LNA 52 is connected to a down 
converter 54 for converting the amplified reception signal 
into an intermediate frequency (to be referred to as an IF 
hereinafter) . 

The output terminal of the down converter 54 is 
connected to a reception section gain control amplifier 
(to be referred to as an RX-GCA hereinafter) 56 for 
amplifying the IF signal output from the down converter 54 
to a predetermined level. The output terminal of the 
RX-GCA 56 is connected to a DEM (demodulator) 58 for 
demodulating the signal into a baseband signal. The 
analog baseband signal output from the DEM 58 is converted 
into a digital signal by an A/D converter 60. 

A temperature -compensated quartz oscillator (to be 
referred to as a TCXO hereinafter) 40 is connected to a 
PLL (Phase Locked Loop) 42. The PLL 42 generates a local 
signal (to be referred to as an Lol hereinafter) for an up 



converter 22 and down converter 54 and a local signal (to 
be referred to as an Lo2 hereafter) for a MOD (modulator) 
18 and DEM 58 with reference to the TCXO 40, and is 
connected to the up converter 22, down converter 54, MOD 
18, and DEM 58. 

The reception baseband signal converted into a 
digital signal by the A/D converter 60 is input to a 
finger circuit 62 and despread. The output terminal of 
the finger circuit 62 is connected to a RAKE circuit 64. 
The RAKE circuit 64 weights and synthesizes the output 
data from the respective fingers of the finger circuit 62 
to generate demodulated data and TCP data. 

The demodulated data generated by the RAKE circuit 64 
is input to a DSP (Digital Signal Processor) 10 and 
decoded by the DSP 10. The output from the DSP 10 is 
input to a codec 8. The signal is demodulated into an 
analog signal by the codec 8 and output from a speaker 4 
as voice. 

The TCP data generated by the RAKE circuit 64 is 
input to a GCA control circuit 12 serving as a control 
means. Details of the GCA control circuit 12 will be 
described next. The GCA control circuit 12 comprises a 
TCP determination circuit 30 serving as a determination 
means, an adder 32 serving as a calculation means, and a 
linear interpolation circuit 34 serving as a control 



- 12 - 



voltage generation means. The TCP data is input to the 
TCP determination circuit 30. The output from the TCP 
determination circuit 30 is input to the adder 32 and 
added to the current transmission output value. The 
output value added by the adder 32 is input to the linear 
interpolation circuit 34. 

The output terminal of the linear interpolation 
circuit 34 is commonly connected to the gain control 
terminal of an RF-GCA 24 and that of an IF-GCA 20. The 
linear interpolation circuit 34 controls the RF-GCA 24 and 
IF-GCA 20. 

An analog signal input from a microphone 6 is input 
to the codec 8, converted into a digital signal by the 
codec 8, and input to the DSP 10. The DSP 10 encodes the 
digital signal and inputs the signal to an HPSK circuit 14. 
The transmission data HPSK-modulated by the HPSK circuit 
14 is input to a D/A converter 16. 

The D/A converter 16 converts the digital signal into 
an analog baseband signal. The analog baseband signal is 
input to the MOD 18 to be modulated into the IF band. The 
output terminal of the MOD 18 is connected to the IF-GCA 
20 for amplifying the signal to a predetermined level. 
The output terminal of the IF-GCA 20 is connected to the 
up converter 22 for converting the signal into a 
transmission frequency (RF: Radio Frequency). 



The output terminal of the up converter 22 is 
connected to the RF-GCA 24 for converting the signal to a 
predetermined level. The output terminal of the RF-GCA 24 
is connected to a power amplifier 26 for further 
amplifying the signal to the transmission output level. 
The power amplifier 26 is connected to the antenna 50 for 
transmitting the signal into air. 

The operation of the circuit shown in Fig. 2 will be 
described next. 

A reception signal input from the antenna 50 is 
amplified by the LNA 52. The amplified reception signal 
is converted into the intermediate frequency (IF) by the 
down converter 54 on the basis of the Lol that is 
generated by the PLL 42 using the TCXO 40 as a reference 
clock. The reception signal converted into the 

intermediate frequency is gain-controlled by the RX-GCA 56 
such that the input level of the A/D converter 60 becomes 
constant, and then demodulated into an analog baseband 
signal by the DEM 58 on the basis of the Lo2 that is 
generated by the PLL 42 using the TCXO 40 as a reference 
clock. 

The analog baseband signal is converted into a 
digital signal by the A/D converter 60 and input to the 
finger circuit 62. The finger circuit 62 executes 
despreading for each finger, and the despread data is 



output to the RAKE circuit 64. The RAKE circuit 64 
weights and synthesizes the output data from the 
respective fingers of the finger circuit 62 with reference 
to, e.g., the reception field value or SNR (Signal to 
Noise Ratio) to generate voice demodulated data and TCP 
data. 

The voice demodulated data is input to the DSP 10, 
decoded by the DSP 10 on the basis of an algorithm such as 
GSM- AMR as the scheme of the codec, and output to the 
codec 8 . The digital signal is converted into an analog 
signal by the codec 8 and sent to the speaker 4 so that 
voice is output from the speaker 4 . 

The TCP data is input to the GCA control circuit 12 • 
The GCA control circuit 12 decodes the TCP data and 
controls the IF-GCA 20 and RF-GCA 24. 

A voice signal (analog) signal input from a 
microphone 6 is converted into a digital signal by the 
codec 8, encoded by the DSP 10 on the basis of an 
algorithm such as GSM- AMR as a codec scheme, and the 
transmission frame format, and input to the HPSK circuit 
14. The transmission data HPSK-modulated by the HPSK 
circuit 14 is converted from the digital signal to an 
analog baseband signal by the D/A converter 16. The 
converted analog baseband signal is modulated into the IF 
band by the MOD 18 on the basis of the Lo2 from the PLL 42. 



The IF -modulated signal is amplified to a 
predetermined level by the above -described IF-GCA in 
accordance with a gain designated by the GCA control 
circuit 12. The amplified IF-modulated signal amplified 
is converted into a transmission frequency (RF -modulated 
signal) by the up converter 22 on the basis of Lol from 
the PLL 42. The RF-modulated signal is further amplified 
to a predetermined level by the RF-GCA 24 in accordance 
with the gain designated by the GCA control circuit 12 and 
the fixed gain of the power amplifier 26, supplied to the 
antenna 50 , and transmitted into air. 

The GCA control circuit 12 will be described next in 
detail. When TCP data is input from the RAKE circuit 64 
to the TCP determination circuit 30 in the GCA control 
circuit 12, the TCP determination circuit 30 executes 
determination in accordance with a predetermined protocol 
logic value, e.g., "1 Db up" for TCP data "00", "1 Db 
down" for "11", or "hold" otherwise. 

The result determined by the TCP determination 
circuit 30 is input to the adder 32 and added to the 
current output value. For example, when the current 
transmission output value is "+10 dBm" , and the TCP 
determination result is " + 1 Db up", the next SLOT 
transmission output value is determined as "+11 dBm". The 
transmission output value output from the adder 32 is 
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input to the linear interpolation circuit 34. 

The operation of a general linear interpolation 
circuit will be described here. For example , to control a 
GCA having a gain vs. Vc characteristic as shown in Fig. 7 , 
the range is divided into gain ranges (A, B, and C in 
Fig. 7) that can be approximated by a linear equation, and 
the gains (Gl, G2, G3, and G4) at the boundaries and Vc 
(VI, V2, V3, and V4) corresponding to the gains are stored 
as table values for linear interpolation. When, e.g., a 
gain value G in the region B is designated, a voltage Vg 
is given by 

Vg = (V3 - V2)(G - G2)/(G3 - G2) + V2 
The calculated voltage value Vg is sent to the IF-GCA 20 
and RF-GCA 24 to control the transmission output to the 
desired value. 

The second embodiment of the present invention will 
be described next with reference to Fig. 3. 

The same reference numerals as in the first 
embodiment described above with reference to Fig. 2 denote 
the same components in the second embodiment, and a 
detailed description thereof will be omitted. 

The reception circuit system from an antenna 50 to a 
RAKE circuit 64 is almost the same as in the first 
embodiment, though a GCA control circuit 13 related to an 
IF-GCA 20 and RF-GCA 24 is different from that in the 
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first embodiment. 

The GCA control circuit 13 comprises a TCP 
determination circuit 30, adder 32, RF linear 
interpolation circuit 35, and IF linear interpolation 
circuit 37. TCP data is input to the TCP determination 
circuit 30. The output from the TCP determination circuit 
30 is input to the adder 32 and added to the current 
transmission output value. The output value added by the 
adder 32 is input to the RF linear interpolation circuit 
35 and IF linear interpolation circuit 37. 

The output terminal of the RF linear interpolation 
circuit 35 is connected to the gain control terminal of 
the RF-GCA 24. The output terminal of the IF linear 
interpolation circuit 37 is connected to the gain control 
terminal of the IF-GCA 20. The RF linear interpolation 
circuit 35 and 1 IF linear interpolation circuit 37 
individually control the RF-GCA 24 and IF-GCA 20, 
respectively . 

An analog signal input from a microphone 6 is input 
to a codec 8, converted into a digital signal by the codec 
8, and input to a DSP 10. The DSP 10 encodes the digital 
signal and inputs the signal to an HPSK circuit 14. The 
transmission data HPSK-modulated by the HPSK circuit 14 is 
input to a D/A converter 16. 

The D/A converter 16 converts the digital signal into 
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an analog baseband signal. The analog baseband signal is 
input to the MOD 18 to be modulated into the IF band. The 
output terminal of a MOD 18 is connected to the IF-GCA 20 
for amplifying the signal to a predetermined level. The 
output terminal of the IF-GCA 20 is connected to the up 
converter 22 for converting the signal into a transmission 
frequency (RF: Radio Frequency). 

The output terminal of the up converter 22 is 
connected to the RF-GCA 24 for converting the signal to a 
predetermined level. The output terminal of the RF-GCA 24 
is connected to a power amplifier 26 for further 
amplifying the signal to the transmission output level. 
The power amplifier 26 is connected to the antenna 50 for 
transmitting the signal into air. 

The GCA control circuit 13 will be described next in 
detail. When TCP data is input from the RAKE circuit 64 
to the TCP determination circuit 30 in the GCA control 
circuit 12, the TCP determination circuit 30 executes 
determination in accordance with a predetermined protocol 
logic value, e.g., "1 Db up" for TCP data "00", "1 Db 
down" for "11", or "hold" otherwise. 

The result determined by the TCP determination 
circuit 30 is input to the adder 32 and added to the 
current output value. For example, when the current 
transmission output value is " + 10 dBm" , and the TCP 



- 19 - 



determination result is "+1 Db down", the next SLOT 
transmission output value is determined as "+9 dBm" . The 
transmission output value output from the adder 32 is 
input to the RF linear interpolation circuit 35 and IF 
linear interpolation circuit 37. 

The output terminal of the RF linear interpolation 
circuit 35 is connected to the gain control terminal of 
the RF-GCA 24. On the other hand, the output terminal of 
the IF linear interpolation circuit 37 is connected to the 
gain control terminal of the IF-GCA 20. Control signals 
are sent from the RF linear interpolation circuit 35 and 
IF linear interpolation circuit 37 to independently 
control the RF-GCA 24 and IF-GCA 20, respectively. 

For example, when in a transmission circuit which 
requires a transmission output range of 70 Db from -50 to 
+ 20 dBm, the RF-GCA 24 has the characteristic shown in 
Fig. 4, and the IF-GCA 20 has the characteristic shown in 
Fig. 5, a range of 20 Db from +0 to +20 dBm is controlled 
in a linear region A (20 Db) of the RF-GCA 24, and a range 
of 50 Db from -50 to +0 dBm is controlled in a linear 
region B (50 Db) of the IF-GCA 20. 

In this case, for the gain vs. Vc characteristic 
shown in Fig. 4, the RF linear interpolation circuit 35 
defines the gains of the RF-GCA 24 as Gl (= +0 dBm) and G2 
(= +20 dBm) and stores Vc (VI and V2) corresponding to the 



- 20 - 



gains as linear interpolation table values, thereby 
calculating Vc corresponding to the transmission output 
value in the range of +0 dBm to +20 dBm, which is output 
from the adder 32. For a value smaller than the 
transmission output + 0 dBm, the RF linear interpolation 
circuit 35 operates with the fixed gain Gl . 

Similarly, for the gain vs. Vc characteristic shown 
in Fig. 5, the IF linear interpolation circuit 37 defines 
the gains of the IF-GCA 20 as G3 (= -50 dBm) and G4 (= +0 
dBm) and stores Vc (V3 and V4) corresponding to the gains 
as linear interpolation table values , thereby calculating 
Vc corresponding to the transmission output value in the 
range of -50 dBm to +0 dBm, which is output from the adder 
32. For a value equal to or larger than the transmission 
output + 0 dBm, the IF linear interpolation circuit 37 
operates with the fixed gain G4. This is shown in Fig. 6. 

Generally, the noise amount can be calculated from 
the G (Gain) and NF (Noise Figure) of each device. 
Letting Sin/Nin be the Signal/Noise amount input to the 
device, Sout/Nout be the Signal/Noise amount output from 
the device, and Nth be the thermal noise amount in the 
band, SNR (Signal to Noise Ratio) is given by 

SNR = Sout/Nout = Sin*G/(Nin*G + Nth*G*(NF - 1)) 

This equation indicates that as Nin/Nth (*Nin ^ Nth) 
becomes closer to 1, the SNR degrades. That is, in a 



plurality of amplifiers cascade-connected, when the former 
stage has a high gain, the SNR at the latter stage 
generally becomes high. 

Hence r when the control range is separated, and the 
RF-GCA 24 at the latter stage is controlled by a circuit 
for a larger transmission output while the IF-GCA 20 at 
the former stage is controlled by a circuit for a smaller 
transmission output, the SNR improves in the entire 
transmission output range. 

As described above, the RF-GCA 24 and IF-GCA 20 can 
independently have their control ranges. Even when a GCA 
having an arbitrary characteristic is used, the linear 
interpolation circuit and the like can easily be designed 
by using an arbitrary linear region of the gain vs . Vc 
characteristic of the GCA. 

Fig. 8 is a block diagram showing of a gain control 
amplification circuit according to the third embodiment of 
the present invention. 

In the third embodiment, when a wide transmission 
output control range is necessary, GCAs 20, 24 x , 24^,.., 
24 nl of a plurality of stages, i.e., N stages (two or more 
stages) are provided, and N linear interpolation circuit 
35 x , 35 2 ,..., 35 , and 38 are arranged in correspondence 
with the GCAs, respectively, thereby realizing the same 
effect as described above. In this case, GCAs 24 of a 



plurality of stages are preferably set on the output side 
of an up converter 22. However, the present invention is 
not limited to this . 

In each of the above -described embodiments, the 

transmission circuit of a CDMA terminal equipment has been 

exemplified. However, the present invention is not 
limited to this example. 



